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Objective: The outbreak of renal diseases caused by melamine-contaminated milk products in China in
2008 was one of the most serious food safety events in recent years. Because of the heavy volume of
trade between Taiwan and China, the Taiwanese government was very concerned about its effects on the
Taiwanese people, and conducted a nephrolithiasis screening program in government hospitals. We
report the results of the screening program conducted by the Taipei County Hospital, Taiwan.
Methods: Residents of Taipei County, Taiwan who perceived that they had exposed themselves to
melamine-contaminated milk products, self-referred to Taipei County Hospital for nephrolithiasis
screening from September 24, 2008 to September 30, 2008. Plain abdominal radiography and urinary
analysis were provided, and the ﬁnal diagnosis of nephrolithiasis was conﬁrmed with renal ultrasound
examination. Their urine analysis results were compared with those of other people who underwent
health screening at the same hospital in September 2008.
Results: A total of 721 participants were included in the program, of which 33 were diagnosed to have
nephrolithiasis, representing an overall prevalence of 4.6%. After adjusting for age and sex according to
the census data of Taipei County, the prevalence of nephrolithiasis was 5.1% in all and 6.5% among adults;
these ﬁgures did not exceed the prevalence rate in the general adult population of Taipei County (9.2%)
and among all Taiwanese adults (9.6%), based on a previous nationwide survey conducted in Taiwan.
Conclusion: These results suggested that governments can carry out a good risk communication program
in relation to melamine-contaminated milk product events, and thus reassure the public as well as allay
fears over perceived health risks stemming from such events.
Copyright © 2014, Taiwan Urological Association. Published by Elsevier Taiwan LLC. All rights reserved.1. Introduction
The outbreak of renal diseases caused by melamine-
contaminated milk products (MCMPs) in China in 2008 was one
of the most serious food safety events in recent years. According to
the ofﬁcial report by the Chinese government, about 294,000 in-
fants were affected, of which >50,000 were hospitalized, and six
eventually died.1 This highlighted the fact that large amounts of
milk products imported from China were consumed in Taiwan.
Furthermore, some of the milk products manufactured in Taiwan
were also contaminated because of the contaminated rawmaterials
that came from China. This train of events was extensively covered
by the Taiwanese media on September 23, 2008, leading people inipei Medical University Hos-
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y, Taiwan, Urological ScienceTaiwan to panic over the health effects of MCMPs. The Taiwanese
government, concerned about their effects on Taiwanese con-
sumers, instructed government hospitals to conduct a neph-
rolithiasis screening program (NSP) starting on September 24,
2008. Therefore, the main purposes of this study were to explore
the effects of MCMPs on the residents of Taipei County (has been
promoted as one of the municipalities of Taiwan called as New
Taipei City since December 25, 2010), Taiwan, through the NSP, as
well as to draft a list of suggestions to the Taiwanese government.
2. Materials and methods
Residents of Taipei County who perceived that they had exposed
themselves to MCMPs, self-referred to the Taipei County Hospital
(has been reorganized and re-entitled as New Taipei City Hospital
since 2010) for nephrolithiasis screening from September 24, 2008
to September 30, 2008. Plain abdominal radiography and urinary
analysis (urine pH, speciﬁc gravity, RBC (red blood cell) and WBCan LLC. All rights reserved.
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Table 2
Characteristics of NSP participants with or without nephrolithiasis.
Nephrolithic
(n ¼ 33)
Non-nephrolithic
(n ¼ 688)
t/c2 p
Sex (male/female) 20/13 260/428 6.901 0.009
Age (y) 48.45 ± 15.506 31.94 ± 21.553 5.853 <0.001
Urine analysis n ¼ 31 n ¼ 652
pH 6.177 ± 0.541 5.991 ± 0.660 1.548 0.122
Speciﬁc gravity 1.016 ± 0.008 1.017 ± 0.009 0.547 0.566
Pyuria casesa 7 (22.6) 74 (11.3) 3.571 0.059
Hematuria casesb 9 (29.0) 33 (5.1) 29.464 <0.001
Data are presented as n (%) or mean ± SD.
NSP ¼ nephrolithiasis screening program; HPF ¼ high power ﬁeld; WBC ¼ white
blood cell; RBC ¼ red blood cell.
a Urine analysis: WBCS5/HPF.
b Urine analysis: RBCS5/HPF.
Table 3
Urine analysis of NSP screen group and control group.
Screen group
(n ¼ 683)
Control group
(n ¼ 282)
t/c2 p
Sex (male/female) 263/420 116/166 0.578 0.447
Age (y) 33.94 ± 21.18 50.86 ± 12.55 15.352 <0.001
Urine pH 5.999 ± 0.656 6.066 ± 0.685 1.049 0.159
Pyuria casesa 81 (11.9) 38 (13.5) 0.482 0.488
Hematuria casesb 42 (6.1) 11 (3.9) 1.944 0.163
Data are presented as n (%) or mean ± SD.
NSP ¼ nephrolithiasis screening program; HPF ¼ high power ﬁeld; WBC ¼ white
blood cell; RBC ¼ red blood cell.
a Urine analysis: WBC 5/HPF.
b Urine analysis: RBC 5/HPF.
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vided, and the ﬁnal diagnosis of nephrolithiasis was conﬁrmedwith
renal ultrasound examination. The urine analysis results of
NSP participants were compared with those of other people who
underwent health screening at the same hospital in September
2008. The main statistical methods used in this study consisted of
the Chi-square test (to test the categorical data), binary logistic
regression (to adjust the variables of age and sex), and t test (to
test the continuous variables). The analyses were done using SPSS
version 14.0 software (SPSS Inc., Chicago, IL, USA). The prevalence of
nephrolithiasis was adjusted for age and sex according to the
census data of Taipei County, and comparedwith that of the general
population based on a previous nationwide survey conducted in
Taiwan.
Research ethic approval
This research was reviewed and approved by the Human
Experiment and Ethics Committee at Taipei County Hospital in
Taiwan (NO. TPCH-IRB-9906).
3. Results
A total 721 participants were enlisted, which consisted of 280
males and 441 females, aged 0 to 94 years (mean ¼ 32.70 years;
standard deviation ¼ 21.58 years). After the NSP, 33 individuals
were diagnosed to have nephrolithiasis, comprising 20 males and
13 females (age range, 8e84 years) with a mean age of 48.45 years
(standard deviation ¼ 15.51 years); the overall prevalence was 4.6%
(7.1% in males and 2.9% in females). After adjusting for age and sex
according to the census data of Taipei County, the prevalence of
nephrolithiasis was 5.1% (7.3% in males and 2.9% in females) in all
and 6.5% (9.6% in males and 3.5% in females) among adults ( 20
years old). These ﬁgures did not exceed the prevalence rate for the
general adult population in Taipei County (9.2%) and all Taiwanese
adults (9.6%), based on a previous nationwide survey conducted in
Taiwan.2 The prevalence of nephrolithiasis in our study showed a
trend for male predominance and increased with increasing age;
the highest rate was found in the age group of 60e69 years
(Table 1).
Based on the NSP results, the trends in age and sex were similar
to those reported in a previous study.2 Those who were conﬁrmed
to have nephrolithiasis were signiﬁcantly older than non-
nephrolithic individuals (average age, 48.45 years vs. 31.94 years,
p < 0.001) and those with more hematuria (age- and sex-adjustedTable 1
Prevalence of nephrolithiasis following MCMP events based on results of an NSP conduct
Age group (y) Male
Crude prevalence Adjusted prevalencea Crude prevalence
0e9 0.0 (0/95) 2.1 (2/97)
10e19 0.0 (0/13) 0.0 (0/19)
20e29 0.0 (0/19) 0.0 (0/42)
30e39 6.8 (3/44) 1.0 (1/96)
40e49 18.4 (9/49) 5.5 (4/73)
50e59 12.9 (4/31) 3.9 (3/76)
60e69 22.2 (4/18) 6.9 (2/29)
70 0.0 (0/11) 11.1 (1/9)
Total 7.1 (20/280) 7.3 2.9 (13/441)
<20 0.0 (0/108) 0.0 1.7 (2/116)
20 11.6 (20/172) 9.6 3.4 (11/325)
Data are presented as %, or % (n/N), unless otherwise indicated.
MCMP ¼ melamine-contaminated milk products; NSP ¼ nephrolithiasis screening progr
a Adjusted for age according to the census data of Taipei County.
b Adjusted for age and sex according to the census data of Taipei County.
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and sex-adjusted OR, 2.60; 95% conﬁdence interval, 1.02e6.64). The
pH value and speciﬁc gravity of urine were similar in both groups
(Table 2).
Finally, we compared the urine analysis results of NSP partici-
pants to those of 282 individuals who visited Taipei County Hos-
pital for health screening in September 2008. There was no
signiﬁcant difference between the two groups (Table 3).4. Discussion
Melamine is an organic compound with the appearance of a
whitish powder and is partially soluble in water at room tem-
perature. It was ﬁrst synthesized by German chemist Justus voned by Taipei County Hospital between September 24, 2008 and September 30, 2008.
Female Total
Adjusted prevalencea Crude prevalence (n) Adjusted prevalenceb
1.0 (2/192) 1.0
0.0 (0/32) 0.0
0.0 (0/61) 0.0
2.9 (4/140) 3.9
10.7 (13/122) 11.7
6.5 (7/107) 8.2
12.8 (6/47) 14.2
5.0 (1/20) 5.5
2.9 4.6 (33/721) 5.1
0.9 0.9 (2/224) 0.4
3.5 6.2 (31/497) 6.5
am.
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esdplastics, houseware, coatings, and gluesdbut not in food
manufacturing.1 Melamine, whose chemical structure is
C3N3(NH2)3, has a high nitrogen content (66% by molecular
weight). It had been deliberately added to milk to boost its protein
content by the Kjeldahl method, which is used to evaluate the
protein content of milk indirectly by detecting the nitrogen con-
tent. According to the dissolvability of melamine at room tem-
perature, the addition of melamine to milk can lead to
overestimation of the protein content in liquid milk by about 30%.3
Based on evidence from animal studies, melamine is rapidly
absorbed from the intestine and eliminated almost unchanged by
the kidney; it has a low acute toxicity and its median lethal dose
(LD50) to rats is 3.161 g/kg body weight. The most common chronic
toxicity is urolithiasis formation, with incidence ranging from 5%
to 100%, and the major components of kidney stones were mel-
amine and uric acid.1,3,4 The ultrasonographic characteristics of
lesions indicate that they have a “sandlike” appearance, are less
echogenic, and are structurally less dense, with a feeble acoustic
shadow; these were different from calcium oxalate.5 Most uro-
lithiasis cases related to MCMPs are unilateral5,6 and smaller in
size (usually sandlike or, <5 mm).5e7 Most affected children
require only conservative treatment with increasing ﬂuid intake
and urine alkalinization.7,8 After 6 months of follow-up, about 90%
of patients were stone-free, and no more abnormal structures
were observed by ultrasonography examination.7,9 In some severe
cases with acute obstructive renal failure, hemodialysis was
required to correct biochemical anomalies or surgical in-
terventions were performed to remove stones.
Since the outbreak of renal diseases caused by MCMPs was ﬁrst
reported by the media on September 11, 2008, many NSPs have
been launched in mainland China, Hong Kong, and Taiwan, with
most of them focused on children and infants. The prevalence of
nephrolithiasis was higher in mainland China (ranging from 1.1% to
8.5%4,6,8,10) and lowest in Hong Kong (<0.2%11). The disparity maybe
attributable to the difference in the concentration of melamine in
MCMPs consumed.11
Although the major components of melamine-related stone
were melamine and uric acid, the ultrasonographic and radiologic
characteristics of lesions are different from those of calcium oxa-
late.5 It is possible that some cases were missed in our screening
program; however, at the time when these NSPs were initially
conducted (only 1 day after the event was reported in Taiwan), the
characteristics of melamine-related stones were still not well
known. Still, it should be noted that the prevalence of neph-
rolithiasis in our study and the results we obtained were similar to
those recorded by other NSPs in Taiwan.12,13 A 1.1% prevalence was
shown by an NSP for children younger than 16 years in Taiwan.12
This result was similar to the crude prevalence (0.9%) noted
among patients younger than 20 years in this study. The pre-
liminary result of another similar screening program for 912 adults
older than 18 years in Taipei City by Chang et al13 presented a 3.9%
prevalence, which also did not exceed the prevalence rate found in
the general population, and concluded that MCMPs had no obvious
health effects on adults. Because of these lower prevalence rates
(compared to the general adult population) in the screening group,
we modiﬁed our screening strategy to concentrate on children
younger than 6 years starting the following week, in order to reach
the maximum screening effect within the limited resources avail-
able to us at the time.
An expert meeting conducted by theWorld Health Organization
in December 2008 derived a tolerable daily intake of 0.2 mg/kg
body weight per day for melamine, based on animal studies and
applying a safety factor of 200. This value pertains to exposure to
melamine alone, and is applicable to whole populations, includingPlease cite this article in press as: Wu J-C, Chen F-L, Nephrolithiasis
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tolerable daily intake, many countries also introduced limits for
melamine: 1 mg/kg in powdered infant formula and 2.5 mg/kg in
other foods.1
Theoretically, adults are more tolerant to the toxicity of mel-
amine than children, owing to their greater body size, organ
maturity, and various foods consumption. There is still a lack of
evidence to prove the harmful effects of MCMPs on adults. The
prevalence of nephrolithiasis among victims who perceived that
they had exposed themselves to MCMPs in Taipei County in this
study was 4.6% (6.2% in adults); this does not exceed the prevalence
rate in the general population in Taiwan, even after adjusting for
age and sex. The sex and age distribution of nephrolithic patients in
this studywas similar to that of the general public in Taiwan.2 There
was no signiﬁcant difference between the urinary analysis results
of the screening group and those of the general Taiwanese popu-
lation. These results suggested that governments can carry out a
good risk communication program to address public concern about
MCMP events, and allay consumers' worries over perceived health
risks stemming from such events. Though our result showed a non-
exceed nephrolithic prevalence of adults perceived exposed to
MCMP, there still need further studies to explore the exact health
effect to human from melamine. Even though, the governments
should take more responsibility and exert every effort to protect
people's food safety, especially that of infants and children.4.1. Limitations
This study has several limitations. First, our study is a self-
referred screening program with a purpose of dispelling public
panic. It was speciﬁcally geared toward Taipei County residents
who perceived that they had exposed themselves to MCMPs, and
who became candidates for screening, regardless of the amount
they had consumed and the duration of their exposure to
MCMPs. However, because of the variety of foods consumed by
adults, it was difﬁcult to estimate the exact dose and duration of
MCMP exposure. Second, because this screening program was
conducted as part of a rapid response to MCMP after its wide-
spread media exposure in Taiwan, it is possible that some related
data were not collected at the time of the screening, such as a
history of systemic diseases (e.g., diabetes, neurogenic bladder,
hyperuricemia) and other laboratory data (e.g., renal function,
serum and urine calcium level, serum uric acid level); as such,
the correlations of these factors and melamine-related neph-
rolithiasis could not be surveyed in our study. Finally, because of
the easy expulsion of urolithiasis in the lower urinary tract and
the lack of related data on its prevalence in Taiwan, the effect of
MCMPs to urolithiasis in the lower tract could not be demon-
strated in this study.Conﬂicts of interest
The authors have no proprietary interest in any aspect of this
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